Identification of the Lineage of Mature Neutrophils and Delineation of Lipid Body Formation and Apoptosis Therein
To the Editor.
We read with interest the recent article by Hong D.-S. et all regarding major histocompatibility complex (MHC) class II-mediated inhibition of hematopoiesis in long-term marrow cultures (LTMCs) involving apoptosis. In the electron micrographs illustrated in Fig 10, LTMCs from dog bone marrow aspirate cells were established' and cultured in the presence of anti-MHC class I1 monoclonal antibody (MoAb) H81.9. Nonadherent cells in Fig 1OA and adherent cells in Fig 1OB are stated to be typical illustrations of apoptosis of these cell populations, the lineages of which not being identified in either legend or text. The MoAb studied is said to recognize nonpolymorphic determinants and to have no inhibitory effect when added to colony-forming unit-granulocyte macrophage grown in agar. Much of the data in this report involve estimation of apoptosis by techniques other than electron microscopy and, perhaps, substantiate the overall premise. However, the electron micrographs in Fig  10, as interpreted, seriously detract from this claim. Both cells illustrated in Fig 10 are mature neutrophils. The cell in Fig 10A is not apoptotic; it is an undamaged, mature neutrophil filled with lipid
The cell in Fig 1OB is apoptotic and it is a mature neutrophil. We include a fig of four human neutrophils to illustrate these points (Fig 1) .
Neutrophils are recognized easily when typical granules fill their cytoplasm, and multiple lobes of their polylobed nuclei with condensed chromatin are in view (Fig 1A) . Although circulating neutrophils display rare lipid bodies, these structures increase in various pathologies ( Fig 1B) and are rapidly inducible by numerous means, including exposure to arachidonic acid and oleic acid (Fig 1A) . Formation of lipid bodies in neutrophils is a specific cellular response, stimulated by cis-fatty acids and diglycerides, mediated by protein kinase C, resulting in mobilization and deposition of lipids within discrete, ultrastructurally defined cytoplasmic domains.' Lipid bodies are variably dense, nonmembrane-bound, discrete, round structures residing in the cytoplasm of cells4-' that have been shown in neutrophils to incorporate tritium-labeled arachidonic acid by ultrastructural autoradiographyg (Fig IC) . A large body of work has implicated this organelle in eicosanoid biology in a wide variety of cells (reviewed in refs 4-7).
The cell imaged in Fig 10A' is not apoptotic. Three lobes of the polylobed nucleus of a neutrophil are clearly visible, and the condensed chromatin pattem is typical of granulocytes of all three types. At least a dozen large, round, nonmembrane-bound lipid bodies fill the cytoplasm; virtually all of the cytoplasmic granules have been released. The cell imaged in Fig 10B is apoptotic, as indicated by rounded, chromatin-rich nuclear lobes; some azurophilic (primary) neutrophil cytoplasmic granules remain, and lipid bodies are absent from this dead neutrophil. In Fig lD, we illustrate a similar apoptotic neutrophil prepared with a cytochemical method to detect myeloperoxidase-positive azurophilic (primary) granules. These abound in the cytoplasm of an apoptotic human neutrophil, which developed and died in a six-week suspension culture of cord blood cells supplemented with an external source of the c-kit ligand, viz, 3T3 fibroblast culture supematant." Human neutrophils: derived from (A) peripheral blood (PE) exposed t o oleic acid for 30 minutes; (6) a biopsy of the pancreas of a patient with acute pancreatitis; IC) a partially purified mast cell preparation obtained from the excised normal lung of a patient with adenocarcinoma of the lung and maintained in overnight culture in the presence of ['HI-arachidonic acid (['HI-AA) before preparing this ultrastructural autoradiograph; (D) 6-week suspension culture of human cord blood cells supplemented with c-kit ligand-containing 3T3 fibroblast supernatants and prepared with a cytochemical method t o detect peroxidase. In (A), the normal PE neutrophil, incubated for 30 minutes in oleic acid, displays four nuclear lobes with condensed chromatin and a full complement of secretory granules. A single lipid body is present (arrowhead). Original magnification (OM) x 18,500. In (B), the tissue neutrophil (pancreatitis biopsy) has released virtually all of its secretory granules, and the cytoplasm is filled with lipid bodies (arrowheads). Three discrete nuclear lobes with condensed chromatin are evident in this undamaged, activated neutrophil. OM x 10,500. In IC), the neutrophil (isolated from lung tissue and incubated overnight in ['HI-AA before preparation of this ultrastructural autoradiograph) has been sectioned through a condensed portion of one nuclear lobe IN). The cytoplasm contains seven large lipid bodies that are labeled with silver grains, indicating the presence of ['HI-AA. One silver grain overlies the peripheral nuclear chromatin and membrane; the plasma membrane is not similarly labeled. OM x 13,000. In (D), the newly developed neutrophil, which arose in a 6-week-old suspension culture of cord blood cells supplemented with c-kit ligand-containing 3T3 fibroblast culture supernatant and prepared with a cytochemical method t o detect peroxidase, illustrates apoptosis. Two rounded nuclear lobes IN) show complete condensation of chromatin (without nuclear matrix domains) typical for nuclear apoptotic bodies. The cytoplasm contains numerous peroxidase+ azurophilic (primary) granules, providing further confirmatory evidence that this polylobed cell is a neutrophil. OM x 11,000. 
Response
We are certainly familiar with Dr Dvorak's work and sincerely appreciate her comments. In the context of the experiments on the effect of anti-major histocompatibility complex class I1 antibodies on in vitro and in vivo hematopoiesis, only some of which were summarized in the recent article,' we analyzed a large series of electronmicroscopic pictures; only two were included in our report.
We agree with D r Dvorak that, unfortunately, in the final selection process we included a photograph, Fig 10A, which shows a nonapoptotic granulocyte. We would like to thank Dr Dvorak for pointing this out to the reader and apologize for any misleading message this may have carried.
We would like to emphasize, however, that the development of apoptosis in a proportion of marrow cells was unequivocal as shown by " E L staining, acridine orange/ethidium-bromide labeling, DNA histograms and the classical DNA ladder effect. We have recently confirmed this in human marrow cells (unpublished) and believe, therefore, that our results have been thoroughly substantiated. Apoptosis involved both immature precursors and some mature cells such as neutrophils. The broad effect is clearly mediated by "secondary" signals following antibody treatment (manuscript in preparation). 
